Introduction Type 2 diabetes patients complicated by chronic kidney disease (CKD) require restricted use and dose adjustment of orally administered hypoglycemic agents because of renal dysfunction, and treatment is likely to be difficult. Linagliptin and teneligliptin are dipeptidylpeptidase (DPP)-4 inhibitors that do not require dose adjustment even in type 2 diabetes patients complicated by CKD. The aim of this pilot study was to determine the efficacy of these agents for glycemic control using continuous glucose monitoring (CGM). Materials and methods A randomized crossover study was conducted in 13 type 2 diabetes patients with CKD who maintained glycosylated hemoglobin (HbA 1c ) levels at \9 % by diet and exercise and had estimated glomerular filtration rates (eGFRs) \60 ml/min 1.73 m 2 . They were treated with teneligliptin at 20 mg/day or linagliptin at 5 mg/day for 6 days then switched to the other agent for another 6 days. CGM was performed before and during treatment. The primary outcome was changes in mean amplitude of glucose excursions (MAGE). Results Mean MAGE was 83.8 ± 34.0 and 82.6 ± 32.6 [±standard deviation (SD)] during treatment with linagliptin and teneligliptin, respectively, with no significant difference between agents. The two agents showed comparable beneficial effects on 24-h mean sensor glucose levels and area under the curve for sensor glucose levels C180 mg/dl (AUC C180), and their use was associated with comparable incidence of hypoglycemia. Conclusions Linagliptin and teneligliptin have comparable effects on MAGE in type 2 diabetes patients with CKD and are potentially useful and safe for treatment of such patients.
Introduction
Type 2 diabetes patients are at high risk of chronic kidney disease (CKD) in association with diabetic nephropathy, hypertension, obesity, and various other pathological changes related to type 2 diabetes [1] . The estimated worldwide prevalence of CKD in patients with type 2 diabetes ranges from 25 to 40 % [2] [3] [4] . Furthermore, the risk of cardiovascular-related death in patients with CKD is 10-30 times higher than in the general population [5] , and this risk is reported to be even higher when CKD is complicated by type 2 diabetes [6] . However, in type 2 diabetes patients with CKD, the use of orally administered hypoglycemic agents is limited, and the dose of these agents needs to be adjusted due to the prolonged half-life of these agents in the presence of renal dysfunction [7, 8] . The risk of serious hypoglycemia in such patients is also high because of diminished renal gluconeogenesis and decreased insulin clearance [9, 10] . These problems often make treatment difficult.
Dipeptidyl-peptidase (DPP)-4 inhibitors are orally administered hypoglycemic agents with a potent hypoglycemic effect that not only reduce fluctuations in blood glucose level but also the risk of hypoglycemia [11] . Among the different DPP-4 inhibitors available in the market today, linagliptin and teneligliptin, which do not require dose adjustment even for patients with renal dysfunction [12] [13] [14] [15] , are considered to be effective and safe for type 2 diabetes patients with CKD. However, there is little information on the efficacy and safety of these agents in type 2 diabetes patients with CKD. Therefore, our pilot study was designed to determine the effectiveness and safety of linagliptin and teneligliptin on glycemic control in a group of type 2 diabetes patients with CKD. For this purpose, we compared and analyzed the effects of these agents by using continuous glucose monitoring (CGM).
Patients and methods

Patients
Patients had type 2 diabetes and were admitted to the hospital between October 2012 and March 2013, maintained glycosylated hemoglobin (HbA 1c ) levels at \9 % through diet and exercise alone, and had an estimated glomerular filtration rate (eGFR) of \60 ml/min 1.73 m 2 (GFR category G3a-G5) for [3 months [16] . Diabetic complications were evaluated as follows: diabetic retinopathy was diagnosed according to the results of funduscopic examination performed by expert ophthalmologists; diabetic nephropathy was classified as stage 2 (^30 urinary albumin^299 mg/g creatinine), stage 3 (urinary albumin C300 mg/g creatinine or urinary protein C0.5 g/g creatinine and eGFR C30 ml/min/1.73 m 2 ), stage 4 (eGFR \30 ml/min/1.73 m 2 , regardless of albuminuria/ proteinuria status), and stage 5 (any status on continued dialysis therapy). Diabetic neuropathy was diagnosed by the presence of two or more clinical symptoms (bilateral spontaneous pain, hypoesthesia or paraesthesia of the legs), absence of Achilles tendon reflexes, and decreased vibration sensations using a C128 tuning fork. Patients who had already been diagnosed with coronary heart disease, cerebrovascular disease, or arteriosclerosis obliterans were considered to have macrovascular complications at the time of enrollment. Exclusion criteria were type 1 diabetes patients, those receiving other types of orally administered hypoglycemic agents or insulin, those with serious infections, those with acute kidney diseases, and those with hepatic dysfunction identified by abnormal transaminase levels that were at least three times higher than the upper limit of the reference range. Before this study was conducted, all patients received written or verbal explanation about the study and then provided informed consent. The protocol was carried out in accordance with the ethical principles stated in the Declaration of Helsinki revised in 2000 and approved by suitably constituted Ethics Committee of Nakama Municipal Hospital.
Study protocol
This pilot study was randomized and crossover in design, and patients were allocated by a random number table to group A or B (Fig. 1) . In group A, teneligliptin was first administered orally at 20 mg/day for 6 days from hospital day 5 and then switched to linagliptin at 5 mg/day on hospital day 11 and administered for 6 days. In group B, linagliptin was first administered orally at 5 mg/day for 6 days from hospital day 5 and then switched to teneligliptin at 20 mg/day on hospital day 11 and administered for 6 days.
Measurements were made three times using a CGM system (CGMS System Gold; Medtronic Inc., Fridley, MN, USA) in the following manner: the sensor was placed on the patients in the morning of hospital day 2 and removed in the morning of hospital day 5 for the first measurement; in the morning of hospital day 7 and removed on hospital day 11 for the second measurement; and in the morning of hospital day 13 and removed in the morning of hospital day 17 for the third measurement. To ensure stability of CGM data, those obtained on hospital days 4, 10, and 16 were used for analysis. For hemodialysis patients, we used CGM data obtained on the day of hemodialysis for analysis. Although interstitial glucose concentrations measured using the CGM are, strictly speaking, not blood glucose levels, they were reported to correlate well with venous glucose concentrations [17] . Hereinafter, measurements obtained by the CGM are referred to as sensor glucose levels.
Meals during hospitalization were designed to provide 1577 ± 124 kcal (28.2 ± 1.8 kcal/standard body weight), which was kept constant until the end of this study. Moreover, exercise therapy was not performed during the study period, and patients were instructed to keep in-hospital activity levels to walking level. No changes were made to the drugs used for treating hypertension and dyslipidemia.
Biochemical and clinical measurements
The following parameters were computed from CGM measurements: 24-h mean sensor glucose levels, mean nocturnal sensor glucose levels (from 12:00 a.m. to 7:00 a.m.), and mean diurnal sensor glucose levels (from 7:00 am to 12:00 am); standard deviation (SD) of sensor glucose levels; mean amplitude of glycemic excursions (MAGE); maximum 24-h sensor glucose levels and maximum sensor glucose levels after each meal; minimum 24-h sensor glucose levels; 24-h area under the curve for sensor Efficacy of linagliptin and teneligliptin for glycemic control in type 2 diabetic patients… 369 glucose levels C180 mg/dl (AUC C180); 24-h area over the curve for sensor glucose levels \70 mg/dl (AOC \70).
With regard to other parameters, HbA 1c and glycated albumin (GA) levels were measured on admission. Serum C-peptide levels were measured before and 6 min after venous injection of 1 mg of glucagon.
Primary and secondary outcomes
The primary outcome was MAGE during treatment with teneligliptin and linagliptin. The secondary outcomes were mean, maximum, and minimum sensor glucose levels, as well as AUC C180 during the treatments.
Statistical analysis
Data are expressed as mean ± SD values. The Wilcoxon signed-rank test was used to compare the effects of teneligliptin and those of linagliptin, as well as the effects of each agent between before and during use. A p value \ 0.05 was considered to indicate a significant difference. Statistical analysis was performed using Statistical Package for Social Sciences software, version 21.0 (SPSS, Chicago, IL, USA).
Results Table 1 shows clinical characteristics of participating patients. Of the 14 patients, one was excluded because of infection and the other 13 completed the study. The 13 patients had a mean age of 68.4 ± 13.1 years, body mass index (BMI) of 24.9 ± 4.6 kg/m 2 , HbA 1c level of 6.7 ± 0.8 %, and GA level of 19.6 ± 4.4 %. Although mean eGFR was 28.2 ± 15.3 ml/min 1.73 m 2 , two patients were on hemodialysis during the study. Figure 2 shows variations in 24-h sensor glucose levels measured by CGM before and during treatments with linagliptin and teneligliptin, and ; A1, urinary albumin \30 mg/g creatinine; A2, urinary albumin 30-300 mg/g creatinine; A3, urinary albumin C300 mg/g creatinine or urinary protein C0.5 g/g creatinine gliptin (83.8 ± 34.0) was not significantly different from that during treatment with teneligliptin (82.6 ± 32.6, p = 0.807, Fig. 3 ). There was also no significant difference in SD of sensor glucose levels between linagliptin and teneligliptin. Furthermore, the effects of both agents were comparable on any of the mean sensor glucose levels obtained during the 24-h, nocturnal (0-7 h), and diurnal (7-24 h) periods. In addition, there were no significant differences between the two agents in terms of maximum and minimum sensor glucose levels, AUC C180, and AOC \70. In one patient, sensor glucose levels measured by CGM decreased to \70 mg/dl during treatment with both agents, but no subjective symptoms of hypoglycemia were observed, so the incidence of hypoglycemia was equal between the two agents.
Next, we defined the effect of each treatment. First, there was no significant difference in the rate of change in MAGE during treatment with each agent (p = 0.650). Compared with the respective pretreatment value, treatment with linagliptin significantly reduced MAGE (Fig. 3) , SD, 24-h mean sensor glucose levels, maximum and minimum sensor glucose levels, and AUC C180. Furthermore, treatment with linagliptin also significantly reduced the 24-h, nocturnal and diurnal mean sensor glucose levels and maximum postprandial sensor glucose levels after morning, midday, and evening meals. On the other hand, compared with the respective pretreatment value, MAGE of teneligliptin tended to be lower than that before treatment. However, there was no significant difference between the two groups (p = 0.05). Treatment with teneligliptin significantly reduced the SD, 24-h mean sensor glucose levels, AUC C180, mean diurnal sensor glucose levels, and maximum postprandial sensor glucose levels after morning and evening meals but had no effect on mean nocturnal sensor glucose levels. Although one patient developed pneumonia during treatment with linagliptin and withdrew from the study, no apparent association was found between pneumonia and the agent. In the other 13 patients who completed the study, no adverse events were noted during treatment with either drug.
Discussion
Our pilot study demonstrated that MAGE computed from CGM was comparable between linagliptin and teneligliptin in patients with type 2 diabetes complicated by CKD.
Moreover, the effects of these two agents on mean and maximum sensor glucose levels and AUC C180 were also comparable. Furthermore, both agents achieved comparable levels of minimum sensor glucose and AOC \70 and did not worsen the incidence of hypoglycemia relative to before treatment. Both agents were also safe, and their use was not associated with serious side effects. With regard to the efficacy of the two agents, linagliptin induced significant reductions in 24-h mean sensor glucose levels, SD, MAGE, maximum and minimum sensor glucose levels, and AUC C180 compared with pretreatment values. On the other hand, teneligliptin significantly reduced the 24-h mean sensor glucose levels and AUC C180 and tended to reduce SD, MAGE, and maximum and minimum sensor glucose levels, albeit insignificantly. However, because SD, MAGE, and maximum and minimum sensor glucose levels during treatment with teneligliptin were almost comparable with those during treatment with linagliptin, it was concluded that the two agents have similar effects and that the minor differences between the two were probably due to the relatively small sample number.
Reanalysis of data of the Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation study showed that low eGFR and albuminuria are independent risk factors for cardiovascular events and death in type 2 diabetes patients [18] . Moreover, the United Kingdom Prospective Diabetes Study 64 also demonstrated that the risk of cardiovascular events increases with progression of nephropathy [19] . In Japan, the incidence of cardiovascular events is even higher in patients with the combination of CKD and type 2 diabetes [20] . Moreover, a large retrospective cohort revealed the higher incidence of hypoglycemia in CKD patients and the close association between hypoglycemia and mortality [21] .Thus, in type 2 diabetes patients complicated by CKD, good glycemic control without increasing the risk of hypoglycemia is assumed to be important.
Monnier et al. [22] reported that spikes in blood glucose level, such as postprandial hyperglycemia, rather than mean sensor glucose levels measured by CGM, are associated with oxidative stress. Furthermore, the same group recommended the use of glucose-lowering therapy that reduces MAGE and spikes in blood glucose levels to lower mortality from cardiovascular events [23] . Recently, Rizzo et al. [24] reported that DPP-4 inhibitors protect against not only MAGE but also oxidative stress and rise in levels of various inflammatory markers. Other studies examined differences in the effects of DPP-4 inhibitors on MAGE. They demonstrated that vildagliptin reduces MAGE to levels far greater than those by sitagliptin [24, 25] . However, there is no information regarding differences between linagliptin and teneligliptin when using CGM. Both linagliptin and teneligliptin are DPP-4 inhibitors, with merits of once-daily oral administration and no need for dose adjustment even in patients with renal dysfunction. Thus, both agents are assumed to be extremely easy to use for type 2 diabetes patients complicated by CKD. A study [26] that compared the efficacy of linagliptin between three groups of patients with normal renal function (90 ml/min 1.73 m 2 [ eGFR), mild renal dysfunction (60 ml/min 1.73 m 2 \ eGFR \ 90 ml/min 1.73 m 2 ), and moderate renal dysfunction (30 ml/min 1.73 m 2 \ eGFR \ 60 ml/ min 1.73 m 2 ) reported no significant differences in the extent of changes in HbA 1c levels after 24 weeks of treatment among the three groups and in the incidence of hypoglycemia during treatment with linagliptin alone, which was \1 %, among groups. In addition, in a study on the use of teneligliptin at 20 mg in type 2 diabetes patients on hemodialysis [14] , teneligliptin significantly reduced HbA 1c levels by 0.57 %, GA levels by 3.1 %, and casual blood glucose levels by 50.5 mg/dl after 28 weeks of treatment. However, there are no comparative data on the effects of the two agents on glycemic profile.
Our pilot study performed in type 2 diabetes patients complicated by CKD hospitalized to maintain stable food intake and exercise is the first that directly compares the effects of the two agents on the glycemic profile measured by CGM while minimizing the effects of other factors. The study has certain limitations, however. First, the sample size was small, though this is a common feature of pilot studies. As mentioned earlier, we cannot rule out that the small sample size might have contributed to the lack of statistically significant differences in SD, MAGE, and maximum and minimum sensor glucose levels between the two treatment agents. Second, it was based on a crossover design that investigated the effects of 6-day treatment with both agents on CGM-based data. Because no washout period was included between the switch from one agent to another, the possible impact of carryover effects cannot be ruled out. No such period was included in the study design for fear of potential deterioration of sensor glucose levels and in order to shorten hospital stay. Third, the dose of teneligliptin can be increased from 20 to 40 mg per day, and such dose increase was reported to improve HbA 1c and fasting plazma glucose (FPG) [27] . Thus, teneligliptin dose escalation could likely produce a better overall improvement rather than its limited effect on MAGE at 20 mg/day. Results of this study, however, suggest comparable effects for 5 mg/day linagliptin and 20 mg/day teneligliptin on CGM-based MAGE. Further studies of larger sample size, longer observation period, and dose titration using 40 mg/day teneligliptin are warranted to confirm our results.
In type 2 diabetes patients complicated by CKD, the effects of treatment with linagliptin and teneligliptin on CGM-based MAGE were comparable. Because both agents significantly reduced the 24-h mean sensor glucose levels and AUC C180 but did not increase the incidence of hypoglycemia, we conclude that they have comparable efficacy and safety in type 2 diabetes patients complicated by CKD.
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